Pliocene and Pleistocene sediments from ODP Hole 647A in the south central Labrador Sea and Hole 646B off southwest Greenland were sampled at 1.5-m intervals for studies of terrestrial and marine palynomorphs, including pol len, spores, dinocysts, and acritarchs. The dinocyst assemblages suggest that surface-water masses were cool-temperate to subarctic during most of the Pliocene and Pleistocene. The occurrence of a few warm-temperate indicators, notably Impagidinium species and Polyspaeridium zoharyi, suggests almost continuous northward advection of warm North Atlantic Drift into the Labrador Sea. A major decrease in dinocyst diversity and abundance marks the late Pliocene to early Pleistocene interval. The abundance of acritarchs in Pliocene sediments off southwest Greenland suggests high productivity, which may reflect nutrient flux from the shelf or upwelling; productivity appears to have been much lower at the central Labrador Sea site. Pollen and spore concentrations also decrease from the late Pliocene to early Pleisto cene. This diminution probably reflects the impoverishment of vegetation and southward migration of the eastern Ca nadian tree line at the onset of climatic cooling and glaciation.
INTRODUCTION
During Leg 105, holes were drilled in Cenozoic sediments at two sites in the Labrador Sea ( Fig. 1): (1) Site 647, located on the abyssal plain (water depth = 3862 m) at the southern edge of the central Labrador Sea (53°19.87'N, 45°15.72'W); and (2) Site 646, on the continental rise (water depth = 3451 m) off southwest Greenland (58°12.56'N, 48°22.15'W) . Drilling at these sites provided a unique opportunity to study the biostra tigraphy and climatostratigraphy of the high-latitude northwest Atlantic in a region that has been strongly affected by the late Cenozoic glaciations. The first occurrence of ice-rafted debris, which indicates glacial activity, is dated at about 2.6-2.5 Ma at both Sites 646 and 647 (Srivastava, Arthur, et al., 1987) , as re corded elsewhere in the North Atlantic (e.g., Backman, 1979; Shackleton et al., 1984; Eldholm, Thiede, et al., 1987) .
Pliocene-Pleistocene sediments from Holes 647A and 646B were sampled at about 1.5-m intervals for palynological analy ses to provide a regional dinocyst and acritarch stratigraphy and to reconstruct changes that occurred in surface-water masses (dinocysts and acritarchs) and terrestrial vegetation (pollen and spores) as a result of the late Cenozonic cooling.
METHODS
Samples were prepared for palynological analysis using the follow ing techniques.
1. Measuring the sample volume (usually between 5 and 10 cm 3 ) by immersion in a graduated cylinder.
2. Spiking the sample with an aliquot volume (1.00 mL) of a cali brated suspension of Eucalyptus globulus pollen grains.
3. Sieving at 125 and 10 /im with distilled water to eliminate coarse sand and gravel, fine silt, and clay particles; 4. Treating with cold 10% HC1 (until visible reaction ceases) to re move carbonates. 1 Srivastava, S.P., Arthur, M., Clement, B., et al., 1989. Proc. ODP, Sci. Results, 105 
5.
Treating with repeated hot 52% HF (1 to 12 hr) to dissolve silicate minerals.
6. Treating with hot 10% HC1 (15 min) to eliminate fluorosilicates formed during the reaction with HF.
7. Sieving at 10 /xm to clean the preparation. 8. Mounting the residual sample in glycerine gel on microscope slides.
This preparation method limits the losses that can result from strong chemical treatments, such as acetolysis (Mudie, 1980) or nitric acid treatment (de Vernal et al., 1983; Mudie, 1986) . However, organic and mineral remains are often abundant. Thus, only a few samples were re processed to obtain clean specimens for photography. These samples were immersed in an ultrasonic bath for 30 to 60 s and then sieved at 20 /xm.
The palynomorph concentrations were calculated on the basis of the marker-grains method (Matthews, 1969) . The Eucalyptus globulus sus pension used for the source of marker grains was calibrated by several counts on a hemacytometer. This method is accurate to approximately 10%-12% for a 0.95 confidence interval (de Vernal et al., 1987) .
The index to genera and species of Lentin and Williams (1985) was used as reference for the dinoflagellate cyst nomenclature. New cysts and other microplankton are described in the "Systematic Descrip tions" section (this chapter).
HOLE 646B
During drilling at Site 646, an almost complete upper Mio cene to Holocene sedimentary sequence was recovered. The Pli ocene-Pleistocene interval is represented by approximately 484 m of sediment. This interval is characterized by apparently uni form sedimentation rates of 7.9 to 9.6 cm/k.y., averaging 9.0 cm/k.y. (Srivastava, Arthur, et al., 1987) . Two main lithological units were distinguished.
1. Unit I (236.4-0 mbsf; -2.6-0 Ma) was defined by the presence of gravel and cobble originating from ice rafting. This unit is of late Pliocene to Holocene age. Sediments are predomi nantly grayish silty clays, clayey silts, and clayey muds. Terrige nous material dominates, with some intervals rich in biogenic carbonates and silicates. Deposits are mainly fine-grained, ei ther homogeneous or bioturbated, and show little evidence of turbidites.
2. Unit II (766.7-236.4 mbsf; ~ 8.5-2.6 Ma) is uniform and consists mainly of bioturbated gray silty clays and clays of late Recovery of Pliocene-Pleistocene sediments was 61%. Be cause of this poor core recovery, the magnetostratigraphic data do not provide a continuous time control. Thus, the chrono stratigraphic framework depends strongly on biostratigraphic data, notably planktonic foraminifers and calcareous nannofos sils. Berggren et al.'s time scale (1985) is used here and is de fined mainly by the planktonic foraminifer stratigraphy (Srivas tava, Arthur, et al., 1987) . However, the early-late Pleistocene boundary corresponds to the Brunhes/Matuyama magnetic re versal recorded at 59 mbsf.
Palynomorphs were analyzed and counted in 155 samples from core-catcher samples and core sections above 484 mbsf (lower Pliocene to Holocene sediments) at Hole 646B. The paly nological results are compiled in Table 1 
Marine Palynoflora

Dinocyst and Acritarch Stratigraphy
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1. Interval V (484-435 mbsf; -5.4-4.8 Ma); relatively low taxonomic diversity characterizes this interval, which is of prob able earliest Pliocene age. Brigantedinium sp., Nematosphaeropsis labyrinthea, Filisphaera filifera, Cymatiosphaera sp. I, and Batiacasphaera sphaerica constitute the dominant taxa.
2. Interval IV (435-361 mbsf; -4.8-4.0 Ma), this early Pli ocene interval is defined by the stratigraphic range and abun dance of cyst type I. The assemblages are dominated by this un usual cyst-form, along with Cymatiosphaera sp. I, Brigantedinium sp., Nematosphaeropsis labyrinthea, Filisphaera filifera, Corrudinium sp. I, and Batiacasphaera sphaerica, which are all common to abundant in most samples. Operculodinium crassum and Operculodinium longispinigerum also are present in most samples. This assemblage interval contains the highest tax- ; this interval covers the early-late Pliocene transition, which is distinguished by common-to-abundant acritarchs, referred to here as Incertae sedis I, that belong to the Pterospermopsis subgroup of Downie (1973) . The acritarchs Cymatiosphaera sp. I and Incertae sedis I dominate the assemblages, accompanied by the dinocysts Brigantedinium simplex, Filisphaera filifera, Nematosphaeropsis labyrinthea, and Operculodinium centrocarpum. The lower part of the interval is characterized by the last common occur rences of Corrudinium sp. I, Batiacasphaera sphaerica, Operculodinium longispinigerum and Operculodinium crassum. The base of the interval also is marked by the occurrence of Invertocysta sp. I, which has a restricted stratigraphic range at Site 646.
-
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4. Interval II (209-105 mbsf; -236-123 Ma) this interval in cludes the upper Pliocene and the lowest Pleistocene. The top of interval II is distinguished by the last occurrence of several taxa, notably Filisphaera filifera and Cymatiosphaera sp. I, which dominate the upper Pliocene assemblages. The common occur rence of Nematosphaeropsis sp. I and Tectatodinium sp. II marks the base of this zone. 5. Interval I (105-0 mbsf; -1.2-0 Ma); the top interval in cludes most of the Pleistocene and it is essentially characterized by dinocyst species that are common in modern marine sedi ments of the Labrador Sea, e.g., Operculodinium centrocarpum, Nematosphaeropsis labyrinthea, and Brigantedinium simplex (Mudie, 1980; de Vernal, 1986; Hillaire-Marcel, 1987a, 1987b) . The last appearance of ?Corrudinium sp. II occurs near the base of this interval (~ 82 mbsf)-Except for Interval V, the diversity and abundance of dino cysts and acritarchs at Site 646 decreases gradually from the early Pliocene to the early Pleistocene. However, an abrupt dis appearance of seven taxa marks the Interval II/I transition, which is early Pleistocene in age.
Paleoenvironmental Interpretation
Large fluctuations in the total abundance of marine palyno morphs occur throughout the Pliocene-Pleistocene interval: con centrations vary from 0 to 32,900 cysts/cm 3 , with the amplitude generally increasing uphole. Assuming uniform sedimentation rates, these changes in concentrations of up to five orders of magnitude must reflect fluctuations in production of dinocysts and acritarchs influxes that, to some extent, reflect fluctuations in the phytoplankton productivity. Most modern dinocysts cor respond to a dormant stage in the life cycle of motile dinoflagel lates (e.g., Wall and Dale, 1968) . Not all dinoflagellate genera produce fossilizable sporopoUenin cysts, and the number of cysts does not always reflect the size of the motile-stage plank ton (Dale, 1976 (Dale, , 1983 . Thus, the dinocyst assemblages provide only a fragmentary picture of the dinoflagellate populations, but an overall correlation between total annual phytoplankton popula tion size and cyst production does exist. A few prasinophytes also produce sporopoUenin phycoma that are represented by Pterosphermopsis-group cysts, notably the acritarch Cymatiosphaera. Dinocysts and prasinophyte cysts constitute meroplanktonic popu lations that are approximate indicators of phytoplankton pro ductivity.
The intervals V to III, which include most of the Pliocene (~5.4 to 2.3 Ma), are characterized by high marine palyno morph concentrations (>2000/cm 3 ), which indicates a high pri mary productivity. However, in these intervals concentrations show fluctuations of two orders of magnitude, which may cor respond to productivity cycles, changes in sedimentation rates and processes, or both. In intervals II and I (~2.3 to 0 Ma), the average cyst concentration is less than 1000/cm 3 , which suggests a trend of decreasing productivity from Pliocene to Pleistocene. The amplitude of cyclical variations in concentrations also in creases in parts of this interval (Fig. 2) .
High-resolution studies of the upper Pleistocene sediments at Site 646 (Aksu et al., this volume) and other Labrador Sea lo cations (Cores 84-030-021, 84-030-003, and HU-75-037; de Ver nal and Hillaire-Marcel, 1987a, 1987b) reveal important fluctu ations in dinocyst concentrations that directly correlate with the 5 ls O stratigraphy: the rich assemblages occur in interglacial stages, while the low concentrations mark glacial episodes. At Site 646, the strong diminution in marine palynomorph concentrations recorded at the base of interval II ( -2.3 Ma) occurs slightly above the first ice-rafted deposit (-2.6 Ma). The late Pliocene decrease in dinocyst concentrations, interpreted in terms of re duced productivity, seems related to the initiation of glaciations at high latitudes.
Despite large variations in their taxonomic diversity and com position, the dinocyst assemblages are predominantly boreal in character throughout the Pliocene-Pleistocene. The exact envi ronmental affinities of many dinocyst species are presently un known. However, the dominant components of Site 646 assem blages are found most commonly in Neogene and modern sedi ments of high-latitude regions, such as Bering Sea and North Pacific (Bujak, 1984) , western North Pacific (Matsuoka, 1983) , central and eastern North Atlantic (Mudie, 1986; Harland, 1979) and Norwegian Sea (Mudie, 1988) . In addition, the co-occur rence of Operculodinium centrocarpum and Nematosphaeropsis labyrinthea, which dominate modern dinocyst assemblages of the Labrador Sea (de Vernal, 1986; de Vernal and Hillaire-Marcel, 1987a) , suggests boreal cool-temperate to subarctic con ditions in surface waters. The presence of the subarctic Spiniferites elongatus species complex (Harland et al., 1980) also indi cates boreal to subpolar waters. Filisphaera filifera, a species found in Pliocene sediments of the Arctic Ocean (Aksu and Mudie, 1985; and Bering Sea (Bujak, 1984) , is an other indicator of cool water masses. During most of the Plio cene-Pleistocene, cool-temperate to subarctic conditions proba bly prevailed in the surface waters of the eastern Labrador Sea. However, notable occurrences of warm-temperate to subtropical taxa (Impagidinium aculeatum, I. patulum, Spiniferites mirabilis; e.g., Harland, 1983; Turon, 1984) , indicate a southern influ ence and suggest an almost continuous penetration of the North Atlantic Drift into the eastern Labrador Sea.
The abundance of acritarchs (Cymatiosphaera sp. I and Incertae sedis I) in the Pliocene deposits may indicate a high pri mary productivity. Cymatiosphaera and similar morphotypes, e.g., Incertae sedis I, are resting cysts of prasinophytes (Boalch and Parke, 1971) which are generally associated with nearshore environments (Tappan, 1980) . In the Quaternary fossil record, Cymatiosphaera has been reported exclusively from neritic or epicontinental marine environments, such as the Ariake Sea (Takahashi, 1971 ) and the Black Sea (Wall et al., 1973) . In stud ies of Paleozoic sediments (al-Ameri, 1986), acritarchs with a Pterospermopsis-type of wall (as in Cymatiosphaera and Incertae sedis I and II) are produced in the outer neritic zones where the water depth is about 100-200 m. The abundance of acri tarchs in Pliocene sediments from Site 646 therefore may reflect influx of neritic sediments, with subsequently enhanced pri mary productivity. Similarly, the common presence of Peridi nioid cysts (Brigantedinium spp., Lejeunecysta spp., and Selenopemphix spp.) and tasmanides, which are often associated with neritic-type environments (e.g., Tappan, 1980) , also sug gests influxes from the shelf. Alternatively, increased produc tion of Peridinioid cysts may be associated with upwelling con ditions in oceanic environments (Wall et al., 1977; Matsuoka, 1985; Stein and Duffield, 1985) . Abundant Pterospermopsistype acritarchs also are commonly associated with diatom-rich sediments at DSDP Sites 607 and 611 from the North Atlantic (Mudie, 1986) and in the Norwegian Sea (Mudie, 1988) , where they appear to reflect nutrient upwelling in a pelagic environ ment.
Terrestrial Palynoflora
Pollen and spores are common to abundant throughout the lower Pliocene to lower Pleistocene sedimentary sequence of Site 646 (Fig. 2) , with concentrations of 500 to 5000/cm 3 in most samples. Counts of more than 100 pollen and spores in several samples are reported in the percentage diagram illus trated in Figure 4 . The diversity of the pollen and spore assem blages is low, as normally found in oceanic sediments because of aerodynamic or hydrodynamic selection during transporta tion. Pinus pollen grains, which have a saccate morphology fa vorable to long-distance atmospheric and hydrologic transport, are particularly over-represented in deep-sea sediments off east ern Canada (Mudie, 1980 (Mudie, , 1982 Heusser, 1983) . Pinus is the dominant taxon of the pollen assemblages at Site 646, accompa nied mainly by Picea, Betula, Tsuga, Lycopodium, Sphagnum, and Polypodiaceae.
Despite fluctuations in percentages, the taxonomic composi tion of the pollen and spore assemblages is relatively uniform Figure 4 . Summary diagram of pollen and spore percentages at Site 646. These percentages are based on sums that include all the pollen grains and spores counted. The spectra reported here consist of sums higher than 100 individuals in most cases; spectra with sums lower than 50 indi viduals are not reported. Because of the low diversity, 100 individuals may be considered statistically representative (Mudie, 1982) . The genus Betula is subdivided into two categories on the basis of pollen grain dimension: pollen grains with a diameter of less than 25 /*m probably repre sent shrub species, while larger grains are from tree taxa (Richard, 1970; Usinger, 1975) . Several taxa are grouped into genera or families to sim plify the results: Lycopodium spores include mainly L. annotinum, L. selago-type, and/,, clavatum-type; the most common Asteraceae are>4rtemisia and undifferentiated Tubuliflorae; other herbs include mainly Polygonaceae, Cruciferae, Caryophyllaceae, and Chenopodiaceae pollen grains; Alnus is mainly represented by A. crispa, although A. rugosa sometimes was seen. The other taxa are grouped into genera because of the uncertainty of the species identification. Several taxa observed rarely are not reported in the diagram: notably Ulmus, Fraxinus, Carya, Ostrya, and Nemopanthus.
throughout the Pliocene-Pleistocene sequence. The only taxon with a limited stratigraphic range is Sciadopitys, which is re stricted to Pliocene sediments. Tsuga, which is occasionally ob served in Pleistocene sediments (Aksu et al., this volume) , is also relatively abundant in the Pliocene sequence. The pollen and spore assemblages show a boreal character, as indicated by the dominance of Picea, Betula, Alnus, Sphagnum, and Lycopodiaceae. By comparison with the modern dis tribution of pollen and spores in marine sediments off eastern North America, the assemblages at Site 646 suggest influxes ranging from mixed forest with boreal characteristics to open boreal forest or even shrub tundra (Mudie, 1982; Heusser, 1983) . Thus, the terrestrial flora indicates the existence of humid cool-temperate to subarctic climatic conditions in the source areas. Decreasing percentages of temperate trees, notably Tsuga, Sciadopitys, Betula, and Quercus, are recorded in the upper Plio cene sediments, which suggests a change in the dominant vegetational source from a cool-temperate mixed forest to a more boreal vegetation. The decreasing pollen concentrations also suggest reduced influxes, probably from an impoverishment of the vegetation cover.
Pollen and spores reach marine sediments by multiple path ways (e.g., Mudie, 1982) ; therefore, the source area is often diffi cult to determine with certainty. Influxes of pollen and spores de pend strongly upon transportation by atmospheric and/or oce anic circulation. Nevertheless, comparison of the continental palynostratigraphy with the upper Pleistocene stratigraphy at Site 646 (Aksu et al., this volume) and at nearby core sites (HU 75-37; de Vernal ad Hillaire-Marcel, 1986) reveals pollen influxes from southeastern Canada, mainly controlled by southwest-northeast or west-southwest/east-northeast atmospheric transportation. Assum ing pollen influxes dominated by aerial transportation through out the Pliocene-Pleistocene and atmospheric trajectories simi lar to those of today, the pollen diagram for Site 646 (Fig. 4) should reflect the vegetational changes over southeastern Can ada. Such an interpretation is probably oversimplified because the atmospheric paleocirculation pattern cannot be assumed to have been uniform during the Pliocene-Pleistocene interval. In addition, the possibility of significant influxes from Greenland and through the Greenland current cannot be totally discounted. Despite these difficulties in interpretation, it seems clear that the palynostratigraphy at Site 646 indicates boreal, cool-temper ate, and subarctic conditions around the Labrador Sea through out most of Pliocene and early Pleistocene. A significant im poverishment of the vegetation, probably from global cooling, is evident for the latest Pliocene-earliest Pleistocene interval.
Reworked Palynoflora
Reworked palynomorphs were observed in most of the sam ples from Site 646. These consist mainly of trilete spores, nota bly Cicatricosisporites and Appendisporites, and bisaccate pol len grains. These terrestrial palynomorphs are characterized by a high degree of compression and a brownish color. Reworked acritarchs and dinocysts also are present: Veryhachium, Deflandrea spp., and Wetzeliellaceae are the most common taxa. The recognizable reworked palynomorph assemblages reflect the ero sion of Paleogene and older strata, although reworked younger material also may be present. The reworked palynomorphs are most abundant in the upper 210 m of sediments. This may be attributed to increased erosion caused by continental glaciations and fluctuations in relative sea levels. The occurrence of icerafted debris in this interval also is indicative of glacial activity.
HOLE 647A
The sediments drilled at Site 647 include large unconformi ties (Srivastava, Arthur, et al., 1987) , with a sharp contact be tween mottled olive-yellow silty clays and gray silty muds that separates upper Miocene from upper Pliocene sediments at about 116 mbsf. The upper Pliocene to Holocene sediments (110-0 mbsf; -2.5-0 Ma) constitute lithologic Unit I, which consists of interbedded gray to brownish-gray silty clay, clayey mud, and clayey silts that contain variable amounts of biogenic carbon ates and ice-rafted debris. Silts, sands, and detrital carbonates are common in the uppermost 60 m, which corresponds to the Pleistocene according to the planktonic foraminifer stratigra phy. Sedimentation rates at Site 647 are uniform and average 4.5 cm/k.y. for the Pliocene-Pleistocene sequence (Srivastava, Ar thur, et al., 1987) and about 4.7 cm/k.y. during the late Pleisto cene (site survey Core 84-030-003; de Vernal and Hillaire-Mar cel, 1987b).
The recovery of Pliocene-Pleistocene sediments by rotary drilling in Hole 647A was about 64%, providing an almost complete section for the 2.5-0 Ma time interval. The Pliocene/ Pleistocene boundary is located at about 58 mbsf, according to the planktonic foraminifer stratigraphy (Srivastava, Arthur, et al., 1987) . The early/late Pleistocene boundary corresponds to the Brunhes/Matuyama magnetic reversal recorded at 35 mbsf (Srivastava, Arthur, et al., 1987) .
Palynomorphs were studied in 51 samples from core sections and from core-catcher samples of Site 647. Expressed in terms of concentrations, the results are summarized in Figure 5 and Table 2 .
Marine Palynoflora
Dinocyst and Acritarch Stratigraphy
The taxonomic composition of the marine palynoflora varies significantly from the late Pliocene to late Pleistocene at Site 647 (Fig. 6 ). Two main assemblage intervals can be distinguished.
1. Interval II (116-50 mbsf; -2.5-1.1 Ma); this upper Plio cene to lower Pleistocene interval is marked by the occurrence of several taxa, in addition to the extant taxa that characterize in terval I. The most common species in interval II are Filisphaera filifera, Cymatiosphaera sp. I, and Corrudinium sp. I.
2. Interval I (50-0 mbsf; ~ 1.1-0 Ma); this Pleistocene inter val is almost exclusively characterized by dinocysts, which are common in modern marine sediments of the region (Mudie, 1980; Mudie and Short, 1985; de Vernal, 1986 ). We do not con sider the rare occurrence of the extinct species, Impagidinium velorum and /. japonicum, significant in this interval since only one specimen of each species was observed. The assemblages are dominated by Nematosphaeropsis labyrinthea, Operculodinium centrocarpum, Bitectatodinium tepikiense, Impagidinium aculeatum, I. cf. pallidum, I. paradoxum, and /. patulum. The only species that is restricted to this interval is Impagidinium sphaericum.
As at Site 646, the interval II/I transition, which marks the beginning of the early Pleistocene, is characterized by a signifi cant decrease in dinocyst species diversity.
Paleoenvironmental Interpretation
The concentrations of marine palynomorphs (dinocysts and acritarchs) in the Pliocene-Pleistocene sediments of Site 647 are relatively low and average 500 cysts/cm 3 . Extrapolated from sedimentation rates, the corresponding influxes (-2.5 cyst/cm 2 / yr) suggest a low local dinoflagellate productivity. This may be caused by the offshore location of Site 647, which lies in a midocean gyre and probably receives the limited influx of organic nutrients required for dinoflagellate metabolism (e.g., Margalef, 1978; Harland, 1983 ). In addition, dinoflagellate reproduc tion by excystment of dinocysts deposited on the abyssal sea floor is most improbable. Thecate-stage dinoflagellates were re corded from station Bravo near the drill site (Holmes, 1956) ; however, a large part of the dinocyst flux over the abyssal plain may be due to lateral oceanic transport (de Vernal, 1986; de Ver nal and Hillaire-Marcel, 1987a, 1987b) . Warm-temperate to sub tropical {Impagidinium aculeatum, I. patulum, Lingulodinium machaerophorum, Spiniferites mirabilis; e.g., Harland, 1983) , low salinity {Brigantedinium simplex; Mudie and Short, 1985) and arctic to subarctic {Multispinula minuta, Spiniferites elongatus; Harland et al., 1980) taxa occur together in most of the dinocyst assemblages at Site 647. Thus, multiple influxes from the Gulf Stream, North Atlantic Drift, and Labrador Current, must be considered. The notable occurrence of warm-water spe cies indicates a penetration of temperate North Atlantic Drift water into the Labrador Sea throughout most of the late Plio cene to Holocene interval. However, the dominance of Filisphaera filifera (Bujak, 1984) suggests cool-temperate to subarc tic conditions. The occurrence of common Brigantedinium simplex, which may be associated with low salinity conditions (< 30%o; Mudie and Short, 1985) , is noticeable in lower Pleistocene sedi ments. In the upper Pliocene sediments, particularly between about 85 and 116 mbsf, the dominance of acritarch cysts {Cymatiosphaera sp. I) also suggests an influx from neritic areas.
Terrestrial Palynoflora
The terrestrial palynomorph concentrations vary considera bly throughout the Pliocene-Pleistocene sequence, which sug- (Fig. 7) . In Plio cene sediments, the assemblages are dominated largely by Pinus, Picea, and Sphagnum, suggesting the prevalence of relatively dense coniferous forests and humid cool-temperate to subarctic climatic conditions in the source areas. These source areas would have been primarily in southeastern Canada, if influxes were mainly from southwest-northeast atmospheric circulation simi lar to that of today. The latest Pliocene and early Pleistocene in terval also is marked by relatively high percentages of Quercus and Betula, which suggests influxes from a temperate mixed for est. Low pollen concentrations in the upper Pleistocene sedi ments and the limited number of samples prevent detailed inter pretation. However, the decrease in pollen concentrations and the diminution of Quercus percentages in the upper Pleistocene sediments probably indicate an impoverishment of the vegeta tion that reflects long-term climatic cooling in eastern Canada.
DISCUSSION OF THE ACRITARCH AND DINOCYST STRATIGRAPHY
Our knowledge of the geographical distribution and strati graphic range of Neogene dinoflagellate cysts is still fragmentary, especially for the high latitudes of the Northern Hemisphere. Studies conducted during the last decade have significantly in creased the data base for high-latitude Neogene palynostratigra phy, notably reports by Manum (1976: Norwegian Sea) , Har land (1979: Bay of Biscay; 1984: Goban Spur), Edwards (1984: Rockall Plateau) , Bujak (1984: Bering Sea) , Matsuoka (1983: central Japan), Mudie (1986: central North Atlantic) Mudie (1988: Norwegian Sea); Aksu and Mudie (1985: Arctic Ocean) . Most of these studies led to the description of new dinoflagel late cyst species and erection of dinocyst zonations. Some "re gionalism" seems to characterize all the above dinoflagellate stratigraphies. This probably reflects the relationship between fossil dinoflagellate assemblages and paleoenvironmental con ditions in different high-latitude ocean basins. The modern dis tribution of dinocysts on the ocean floor is closely related to en vironmental parameters such as surface-water temperature and salinity (e.g., Wall, 1971; Wall et al., 1977; Harland, 1983; Turon, 1984) , especially in high-latitude regions (Mudie and Short, 1985; Harland et al., 1980) . Therefore, it is not surpris ing to find that the Pliocene-Pleistocene palynoflora in the Lab rador Sea differs from those at other North Atlantic sites and that to date it cannot be correlated directly with other zona tions.
In the Pliocene-Pleistocene dinocyst assemblages of Sites 646 and 647, several taxa occur throughout most of the sequence, notably Operculodinium centrocarpum, Nematosphaeropsis labyrinthea, and Brigantedinium simplex. These taxa have a wide geographical distribution in the Atlantic Ocean and occur in modern sediments from temperate to Circum-Arctic areas. These opportunistic taxa appear to tolerate a wide range of tempera ture and salinity conditions, which also may explain their long stratigraphic range, especially in high-latitude regions of the Northern Hemisphere, where strong climatic fluctuations took place during the late Cenozoic.
In the Labrador Sea, several taxa have their last appearances in the upper Pliocene and lower Pleistocene sediments. The last appearance of Filisphaera filifera in the lowermost Pleistocene deposits at both Sites 646 and 647 is approximately synchronous with that of other boreal areas, such as the central North Atlan tic (Mudie, 1986) , eastern Norwegian Sea (Mudie, 1988) , Bering Sea, and northern North Pacific (Bujak, 1984) . Filisphaera filifera seems to have been an ubiquitous boreal species until the early Pleistocene and thus constitutes a good stratigraphic marker for northern high latitudes. Several other taxa that range into the early Pleistocene in the North Atlantic and North Pacific have their last appearance in Pliocene sediments of the Labra dor Sea. These dinocysts are Operculodinium crassum, Operculodinium longispinigerum, Corrudinium harlandii, and Xandarodinium variabile. Their early disappearance in the Labra dor Sea may reflect harsher environmental conditions because of the greater influence of arctic overflow water, compared to other boreal regions of the North Atlantic and North Pacific oceans. In contrast, Impagidinium cf. pallidum occurs through out the Pliocene to Holocene interval in the Labrador Sea, while the morphologically similar species Impagidinium pallidum occurs only to the earliest Pleistocene in the North Pacific (Bujak, 1984) and Arctic oceans (Aksu and Mudie, 1985) . Impagidinium cf. pallidum appears to be a form adapted to subpo lar conditions: it is abundant in surface sediments on the Barents Shelf slope in the eastern Arctic (Mudie and Matthiessen, 1988) .
Several other dinocysts that are abundant in Labrador Sea Pliocene sediments appear to have ranges that may be useful from a biostratigraphic viewpoint: these taxa are Batiacasphaera sphaerica, Invertocysta sp. I (Fig. 8) , cyst type I, and Corrudinium sp. I, which have relatively narrow ranges in lower Plio- cene sediments of Site 646. The abundance of the acritarchs Cymatiosphaera sp. I and Incertae sedis I also seems characteristic of high-latitude Pliocene sediments in the North Atlantic, in cluding Baffin Bay (de Vernal and Mudie, this volume), Norwe gian Sea (Mudie, 1988) and Gardar Drift south of Iceland (Mu die, 1986) , in addition to the Labrador Sea.
CONCLUSIONS
The dinocyst and acritarch stratigraphy of Labrador Sea Sites 646 and 647 suggests that major changes occurred in sur face-water conditions during the Pliocene-Pleistocene, especially off southwest Greenland. During the Pliocene, the eastern Lab rador Sea was probably characterized by high primary produc tivity that may have been related to nutrient influx from the shelf or to upwelling, as suggested by abundant acritarchs, Peri diniaceae cysts, and Tasmanidae. The decreasing dinocyst and acritarch concentrations throughout the Pliocene-early Pleisto cene interval suggest a reduction in primary productivity. This interval also corresponds to a significant decrease in dinocyst diversity that probably reflects a change from cool-temperate to more rigorous subarctic environmental conditions. The dino cyst assemblages are generally boreal in character throughout the Pliocene-Pleistocene interval, but the frequent occurrence of warm-temperate to tropical species, such as Impagidinium aculeatum and Impagidinium patulum, suggests that a small but significant volume of North Atlantic Drift water continued to flow northward into the Labrador Sea.
The pollen and spore assemblages show variations in influx that are probably related to changes in the vegetation of south eastern Canada. A cool-temperate forest with Tsuga and Sciadopitys and some areas of temperate Quercus woodland were appar ently replaced by widespread coniferous boreal forest vegetation during the late Pliocene. Chene, 1977 (Pl. 2, Figs. 13-15) Remarks. The observed specimens show slightly more rigid, larger processes than the holotype. At Site 646, A. andalousiensis is recorded in Pleistocene interglacial sediments of isotopic stage 7 (Aksu et al., this volume) . The relatively high concentrations of A. andalousiensis (> 100/ cm 3 ) in some middle Pleistocene samples suggest local production rather than reworking. The stratigraphic range of Achomosphaera andalousiensis may extend to the Pleistocene in the northeast Labrador Sea.
SYSTEMATIC DESCRIPTIONS
Achomosphaera ramulifera (Deflandre) Evitt, 1963 (Pl. 2, Figs. 5 and 6) Genus ATAXIODINIUM Reid 1974 Ataxiodinium choanum Reid, 1974 (Pl. 5, Fig. 17) Occurrence. This species is found scattered in upper Pleistocene sed iments from Site 646 (Aksu et al., this volume) .
Genus BATIACASPHAERA Drugg 1970 Batiacasphaera sphaerica Stover, 1977 Description. Cysts of Batiacasphaera sphaerica observed in sedi ments from Site 646 are spherical to subspherical and relatively small. Diameter varies from 24 to 36 /*m and averages 30 /im (N = 11). The autophragm is thin and covered by small granules joined to form a coarse microreticulation. The apical archeopyle, generally free, corre sponds to the displacement of paraplates 1' to 3'. The operculum may be in-situ (see Pl. 3, Fig. 18 ).
Occurrence. Batiacasphaera sphaerica is abundant in lower Pliocene sediment from the Labrador Sea (Site 646) and can be scattered in upper Pliocene sediments from Labrador Sea Sites 646 and 647.
Genus BITECTATODINIUM Wilson 1973 Bitectatodinium tepikiense Wilson, 1973 (Pl. 4 , Figs 9-11) Remarks. The archeopyle formed by the loss of two precingular paraplates (2' and 3") is usually open (Pl. 4, Fig. 10 ) although one or both plates can be in-situ (Pl. 4, Figs. 11 and 9) .
Occurrence. In the Labrador Sea, B. tepikiense is found mainly in Pleistocene deposits. It is frequently present but rarely abundant, with the exception of some interglacial episodes (Aksu et al., this volume; de Vernal and Hillaire-Marcel, 1987a) .
Genus BRIGANTEDINIUM
Reid 1977 Brigantedinium simplex (Wall, 1965) Reid, 1977 (Pl. 5, Fig. 11 ) Brigantedinium sp.
Remarks. The archeopyle sutures cannot be distinguished on many cysts of Brigantedinium because of poor preservation, orientation, or folding; it is often difficult to speciate the genus. Brigantedinium sp. in cludes all round, brown, protoperidinioid cysts except B. simplex.
Genus CORRUDINIUM Stover and Evitt, 1978 Corrudinium harlandii Matsuoka, 1983 Corrudinium sp. I (Pl. 3, Figs. 14-16) Description. These dinocysts are similar to C. incompositum (Drugg, 1970) Stover and Evitt, 1978 , from which they differ by being distinctly ovoidal, with the hypocyst bigger and rounder than the epicyst. In addi tion, the parasutural and accessory septa appear equally well developed, thick, straight or slightly curved, and of uniform height. The area be tween the septa is smooth or scabrate, without any granular ornamenta tion. The archeopyle is precingular and reduced. The polar and equato rial axes of Corrudinium sp. I are 30 and 26 tim long, respectively (N = 5). The height of the parasutural and accessory septa is 3 tun. The septa are almost 1 itm thick.
Occurrence. Corrudinium sp. I is common in lower Pliocene sedi ments from the Labrador Sea (Site 646). It is scattered in upper Pliocene sediments from the Labrador Sea (Sites 646 and 647).
?Corrudinium sp. II (Pl. 3, Figs. 11 and 12) Description. The cysts are small (22 to 30 /xm long; N = 4), subspherical, and are characterized by a dense network of undulating crests that make it impossible to distinguish the paratabulation. The archeopyle is precingular, and the operculum is free. The field areas between crests are smooth. The taxonomic affinity of these cysts with the genus Corrudinium is uncertain since the accessory crests cannot be distinguished from the parasutural ones: the only clearly delineated parasutural fea ture is the paracingulum.
Occurrence. ?Corrudinium sp. II is frequently observed in Pliocene and lower Pleistocene sediments of Labrador Sea Sites 646 and 647. It is never abundant.
Genus FILISPHAERA Bujak 1984 Filisphaera filifera Bujak, 1984 (Pl. 4, Figs. 1 and 2) Remarks. Dinocysts from the Labrador Sea assigned to F filifera vary considerably in size. The diameter ranges from about 35 to 55 itm. The thickness of the wall also varies between 2 and 4 iim. In a single sample, the size range is relatively uniform. The larger cysts of F filifera are recorded in a few samples dated from the late Pliocene to the early Pleistocene. In these samples, F filifera may be particularly abundant (>1000 cysts/cm 3 ) and constitutes the dominant taxon. Many speci mens of F filifera have a well-developed apical boss (see Pl. 4, Fig. 1 ). The precingular archeopyle (3') is generally open, although the opercu lum can be in-situ. The radiating fibers that compose the outer wall are usually straight, but can sometimes be slightly curved, which gives a mi croreticulate appearance to the outer cyst wall (see Pl. 4, Fig. 2) . F filifera specimens having slightly curved radiating fibers are difficult to dis tinguish from Bitectatodinium tepikiense, especially when the orienta tion or folding obscures the archeopyle.
Occurrence. In the Labrador Sea, F filifera is common in Pliocene and lowest Pleistocene sediments.
Genus IMPAGIDINIUM Stover and Evitt 1978 Impagidinium aculeatum (Wall, 1967) Lentin and Williams, 1981 (Pl. 1, Figs. 5 and 6) Remarks. Impagidinium aculeatum is recorded in small numbers through the Pliocene-Pleistocene in the Labrador Sea. Specimens are slightly larger in Pliocene and lower Pleistocene sediments than in mod ern ones. This size gradation also was observed in central North Atlan tic at DSDP Sites 611 and 607 (Mudie, 1986) . Matsuoka, 1983 (Pl. 1, Figs. 17 and 18) Impagidinium cf. pallidum Bujak, 1984 (Pl. 1, Figs. 15 and 16) Description. Specimens from Labrador Sea sediments are similar to /. pallidum Bujak, 1984 , with respect to the thinness and transparency of the wall, the smoothness of the parasutural crests, and the frequent folding. The observation of several well-preserved specimens from Hol ocene Labrador Sea sediments suggests the following paratabulation: 3', 6", 4c, 4'" or 5'", and 1"". The parasulcal region is clearly outlined by parasutural septa, but no sulcal paratabulation is evident. The ar cheopyle is reduced, precingular, and is formed by the loss of paraplate 3". The height of the parasutural septa varies: the longest sutures exhibit the widest septa. The length of the polar axis varies from 58 to 78 jim, and the crest height ranges from 3 to 7 itm (N = 14).
Impagidinium japonicum
Occurrence. In the Labrador Sea, Impagidinium cf. pallidum is common in Pliocene to Holocene sediments, while /. pallidum has a re ported age range from Eocene to earliest Pleistocene in the North Pa cific and Bering Sea (Bujak, 1984) . Impagidinium paradoxum (Wall, 1967) Stover and Evitt, 1978 (Pl. l. Figs. 3 and 4 ) Impagidinium patulum (Wall, 1967) Stover and Evitt, 1978 (Pl. 1, Figs. 1 and 2) Impagidinium sphaericum (Wall, 1967) Lentin and Williams, 1981 (Pl. 1, Figs. 7-9) Occurrence. In the Labrador Sea, /. sphaericum occurs exclusively in upper Pleistocene sediments and is common in Holocene sediments (de Vernal, 1986) . The modern distribution of /. sphaericum ranges Genus TECTATODINIUM Wall 1967 Tectatodinium pellitum Wall 1967 Tectatodinium sp. I (Pl. 4, Figs. 3-5) Description. Tectatodinium sp. I is a spherical cyst characterized by a thick wall (2.5-3 iim). The thin periphragm is supported by baculae that form a punctuated surface. Diameter varies from 36 to 45 iim (N = 4). Tectatodinium sp. I could be a morphotype of Tectatodinium pellitum.
Tectatodinium sp. II (Pl. 4, Description. Cysts of Tectatodinium sp. II are distinguished by the ornamentation of the outer wall, which forms a clear, regular microreticulation. The operculum of the type P archeopyle may be in-situ. Cyst diameter varies from 36 to 51 /xm and averages 44 iim (N = 40); the wall is 2-2.3 /um thick. Tectatodinium sp. II may be a morphotype of Tectato^ dinium pellitum.
Occurrence. Tectatodinium sp. II is common in a few upper Pliocene samples from Hole 646B.
Genus XANDARODINIUM
Reid 1977 Xandarodinium variabile Bujak, 1984 (Pl. 5, Fig. 7 )
Genus Uncertain Cyst type I (Pl. 5, Figs. 1-5) Description. Cyst type I is small, chorate, and subspherical to ellip soidal. Body bears massive processes with trifurcate or tetrafurcate ter minations joined by thick trabeculae. Processes are numerous and uni formly distributed around the body. Consequently, trabeculae are short and give an alveolar appearance to the outer cyst. The latter is charac terized by a polygonal opening that corresponds to the archeopyle (Pl. 5, Fig. 1 ), which appears precingular. The relationship between process distribution and paratabulation is unclear. However, the dense and rela tively uniform pattern of processes and their positions around the ar cheopyle does suggest intratabular distribution. Diameter of the central body varies from 12 to 17 iim; the polar axis length of the overall cyst ranges from 21 to 35 ttm and averages 27 /xm (N = 50).
Occurrence. Cyst type I is abundant in lower Pliocene sediments of the Labrador Sea (Site 646). Because it occurs in large numbers and has a narrow stratigraphic range, Cyst type I may be a good stratigraphic marker for the Labrador Sea region. Remarks. Colonies of the algae Pediastrum were scattered in Plio cene-Pleistocene sediments of Labrador Sea Sites 646 and 647. Most be long to the species Pediastrum boryanum (Turpin) Meneghini, 1840, which is an ubiquitous freshwater form (e.g., Prescott, 1953; Prescott and Vinyard, 1965) . In deep-sea sediments, the occurrence of Pediastrum boryanum probably is related to runoff from the continent. Remarks. In the Pliocene sediments of the Labrador Sea, Cymatiosphaera sp. I is abundant and often dominates the marine palynomorph assemblages. Large variations in the size of the overall cysts (12 to 30 tim) and of the height of intersecting crests (2 to 7 /xm) were observed. Several species or morphotypes therefore may be represented by the ge nus Cymatiosphaera.
According to phycologists, the fossil Cymatiosphaera represents the cyst stage or phycoma of green algae (Boalch and Parke, 1971 ) that be long to Division Prasinophyta Round 1971 , Order Sperospermatales Schillers 1925 , and Family Cymatiosphaeraceae Madler 1963 . (Pl. 5, Figs. 20 and 23) Description. This taxon designates small cysts (12 to 25 iim) having a Pterospermopsis-type of wall, i.e., having a surface divided into fields by a reticulum of intersecting crests (Downie, 1973) . Incertae sedis I is characterized by large fields and wide (up to 6 iim), thick, massive crests. Crests are more or less striate; in optical section, their margins are straight to ondulating or even spiny. The intersections between crests are nodal. A pylome with a subrectangular outline may be observed. Ac cording to its morphology, Incertae sedis I could be included in the Cymatiosphaera genus. As Cymatiosphaera, it probably represents the cyst stage of a Prasinophyta.
Incertae sedis I
Occurrence. Incertae sedis I is abundant in upper Pliocene sediments of the Labrador Sea. (Pl. 5; Figs. 18 and 19) Description. This taxon is probably a Pterospermopsis-type of acri tarch. It is small (15 to 25 /xm) and characterized by a dense network of massive cones and/or spines that are apparently connected along crests. A pylome with a subrectangular outline frequently was observed.
Incertae sedis II
Occurrence. Incertae sedis II was observed in small numbers through out the Pliocene sediments from Site 646.
Palynoplankton INCERTAE SEDIS Genus HALODINIUM Bujak 1984 Description. Specimens of Halodinium observed in sediments from Site 646 are relatively large (about 50 to 75 tan in total diameter). They have a discoidal, thin, brownish endophragm with a semitransparent, smooth, irregular periphragm. Central pylome (15 to 20 itm in diame ter) is always free. The taxonomic affinity of Halodinium is unknown.
Occurrence. Halodinium microfossils were scattered in Pliocene and Pleistocene sediments from Site 646. : ^ ^ :..j:ittf'';;i;J:'S':t:| tS^K, :: :
